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(54) Method for controlling velocity of rotary motor and apparatus therefor 



(57) A velocity method for a rotary motor and an ap- 
paratus adopting the same, estimates and corrects a 
disturbance applied to the rotary motor to improve a ve- 
locity control characteristic, in which the disturbance is 
expressed as a function of an angular velocity and an 
angular position via a simple calculation process. The 
velocity control apparatus includes a learning compen- 
sator (27) for receiving a velocity command, angular po- 
sition information and the output from a velocity control- 
ler (21 ) and correcting an effect of the disturbance which 
is expressed as a function of the angular velocity and 
the angular position, in addition to a general velocity 
control loop of a rotary motor composed of a velocity 
controller, a current controller, a motor and a velocity 
measuring unit. The learning compensator (27) stores 
one period of the output of the velocity controller (21 ) at 
the stable state of the velocity control loop and obtains 
a correction value using the stored value and the previ- 
ous output value. Thus, the correction value obtained in 
the learning compensator (27) is stored in advance and 
a velocity control is performed using the stored value, 
to enable a simple and efficient velocity control. 
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Description 

The present invention relates to a velocity control of a rotary motor contained in a video cassette recorder (VCR), 
and more particularly, to a velocity method for a rotary motor and an apparatus adopting the same, in which a distur- 

s bance applied to the rotary motor is estimated and corrected to improve a velocity control characteristic. 

Since a disturbance exists usually in controlling a motor, an accurate motor control is not performed and a control 
error is generated. In this case, a VCR driven by the motor cannot perform a normal operation. Thus, such a disturbance 
is removed by estimating a torque of the disturbance of the motor by means of an observer. A control theory of sup- 
pressing such a load disturbance is being studied in a modem control theory. One example is shown in Figure 1 . 

10 Figure 1 is a block diagram showing a conventional velocity control apparatus of a rotary motor having a distur- 

bance. The apparatus of Figure 1 is disclosed in a paper entitled "Autocompensation of Torque Ripple of Direct Drive 
Motor by Torque Observer" by Nobuyuki Matsui, Tatsuo Makino, and Hirokazu Satoh (IEEE Trans, on Industry Appli- 
cations, vol. 29, No. 1, January/February 1993, pp. 187-1 94). In Figure 1 , a first adder Al receives a velocity command 
(D* m as a reference input and motor 15 has an output response of angular velocity which is input to a negative input 

15 of Al so that Al obtains a difference o>* m -<a^. The difference <o* m -<o^ is input to a velocity controller 11 . The velocity 
controller 11 outputs a current command i/ to control a rotational velocity of the motor 15 according to the input dif- 
ference (D* m -<D m . The current command i/ is input to a second adder A2. The second adder A2 adds the current 
command i v * applied from the velocity controller 11 and a disturbance removal command and obtains a corrected 
current command i* . Here, the disturbance removal command is obtained by multiplying an estimation load distur- 

20 bance torque $ L (/) estimated in a torque observer 1 7 which receives an angular velocity being an output response 
of the motor 1 5 and an actual current i by a transfer function K T " 1 . Here, values with the superscript * are actual values 
and values with the superscript * are command values. Meanwhile, the corrected current command i* is input to a 
current controller 1 3. The current controller 1 3 expressed as the transfer function K T supplies a torque command x* to 
the motor 15 in order to control a rotational velocity of the motor 15 in response to the corrected current command i*. 

25 The motor 15 rotates at a speed corresponding to the torque command t* of the current controller 13. However, in 
controlling a motor, factors of regularly or irregularly varying a control quantity are generated according to peripheral 
conditions. Such factors are called disturbances T L which chiefly bring about a difficult velocity control. Thus, a good 
velocity characteristic can be obtained when an effect of the disturbance is removed. The torque observer 17 which 
estimates the disturbance T L applied to the motor 15 obtains an estimated load disturbance torque $ L (/) according to 

30 the following equation (1 ) under the assumption that the disturbance is varied sufficiently slowly. 

? L (i)=e(i) + L(b m (i) 

x e(i + 1) = Ae(i) + ei q (i) + ^G> m (i) 

A=1 + LT S /J n , 6=-LK Tn T s /J 

£=L(L + D n )T s /J n (1) 

40 

here, Jn, Dn and K Tn are nominal values with respect to an inert ial moment J, a damping factor D and a torque 
constant K T . L which is smaller than Zero is an observer gain, e is a random variable, $ L is an observer output, and T s 
is a sampling period. 

The above equation (1) can be defined as the following equation (2). 

45 

*l(S)=t?st z i- {S > (2) 

Here, t l is an actual load disturbance torque, £ L is an estimated load disturbance torque and s is a Laplacian 
50 operator. In this case, T=-Tg/ln(1 +LT«/J n ) and 1 /(1 +ST) plays a role of a low-pass filter. Here, values without a subscript 
n are actual values and values with the subscript n are nominal values which are designed to be close to the actual 
values. 

Thus, if the actual load disturbance torque x L is slowly varied, it approximates the estimated load disturbance 
torque $ L to completely remove the load disturbance T L . 
55 As described above, the conventional method of removing the load disturbance by estimating the load disturbance 

torque of the motor requires much calculation time due to the complex equations and has substantial problems to 
implement it into hardware. Since a bandwidth of the low-pass filter 1/(1 +ST) becomes large to follow up the fast varying 
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disturbances, the observer gain L should become large accordingly The gain cannot be enlarged without limitation in 
an actual implementation, and the disturbance is estimated with respect to time. As a result, a continuous estimation 
operation should be performed during the operation of a closed loop with respect to the velocity control of the rotary 
motor, which results in much calculation. 
5 With a view to solving or reducing the above problem, it is an aim of preferred embodiments of the present invention 

to provide a velocity control method for a rotary motor, which stores values for compensating an effect of a disturbance 
expressed as a function of an angular velocity and an angular position via a learning process and compensating the 
disturbance using the stored values. 

It is another aim to provide a velocity control apparatus for a rotary motor, which implements a velocity control 
10 method for a rotary motor by estimating and compensating a disturbance via a repetitive learning control method. 

According to a first aspect of the invention, there is provided a velocity control apparatus for a rotary motor, the 
velocity control apparatus comprising: 

velocity measuring means for obtaining a velocity error by comparing an input reference velocity with an actual 
15 velocity detected from the motor, 

a velocity controller for receiving the velocity error and outputting a current command for controlling the rotational 
velocity of the motor; 

20 a learning compensator for receiving the input reference velocity and the current command output from the velocity 

controller and the angular position and for correcting an effect of the disturbance expressed as a function of an 
angular position and an angular velocity applied to the motor via a repetitive learning; 

current command compensating means for obtaining a corrected current command by adding the current command 
25 output from the velocity controller and the disturbance correction value obtained in the learning compensator; and 

a current controller for receiving the corrected current command and outputting a torque command to the motor. 

Preferably, said learning compensator produces a periodic current command with respect to the periodic distur- 
30 bance using the current command output from said velocity controller when the velocity control is in the normal state, 
and obtains a current disturbance correction value using one periodic value of the periodic current command and the 
disturbance correction value obtained in the previous learning. 

Preferably, said learning compensator outputs the disturbance correction value based on the following equation, 

**u<(tNVi)<t)+«*<K-i,<t) 

wherein i*^ is the disturbance correction value obtained in the K-th repetitive learning and becomes the output of 
the learning compensator, i\(K-i) ls tne disturbance correction value obtained in the (K-1)-th repetitive learning, m is 
40 the repetitive learning gain and m<1 , Z^ K .^ is one periodic value of the current command which is a periodic function 
output from the velocity controller in the (K-1 )-th repetitive learning. 

Said learning compensator preferably compares the current command output from said velocity controller with a 
predetermined threshold value and judges whether sufficient compensation is performed with respect to the disturbance 
applied to the motor, and if it is judged that sufficient compensation has been accomplished, the disturbance correction 
45 value is stored and the following disturbance correction is performed using the stored disturbance correction value in 
the following velocity control. 

Preferably, said learning compensator obtains a new disturbance correction value via repetitive learning if it is 
judged that sufficient compensation has not been performed with respect to the disturbance applied to the motor. 
Preferably, said learning compensator receives the input reference velocity and the angular position of the motor 
50 as addresses, and outputs the disturbance correction value stored in a position assigned by the addresses. 

According to a second aspect of the invention, there is provided a velocity control method for a rotary motor, the 
velocity control method comprising the steps of: 

(a) obtaining a velocity error by comparing an input reference velocity with an actual velocity detected from the 
55 motor; 

(b) receiving the velocity error and outputting a current command for controlling the rotational velocity of the motor; 
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{ {c) receiving the input reference velocity, the current command and the angular position and outputting a distur- 
bance correction value for correcting an effect of the disturbance expressed as a function of an angular position 
and an angular velocity applied to the motor via a repetitive learning; 

5 (d) obtaining a corrected current command by adding the current command and the disturbance correction value; 

(e) receiving the corrected current command and outputting a torque command to the motor; and 

(f) detecting a present velocity of the rotating motor according to the torque command. 

10 

Said learning compensation step (c) preferably comprises the sub-steps of: 

(c1) initializing the repetitive learning time into zero and the disturbance correction value into zero at the start of 
learning; 

(c2) producing a periodic current command using the current command with respect to the disturbance which is 
a periodic function expressed as only an angular position with the constant angular velocity if the velocity control 
becomes the normal state via the step (b); 

20 (c3) storing one period of the periodic current command; 

(c4) increasing the repetitive learning times by one; 

(c5) obtaining the current disturbance correction value according to the repetitive learning by adding the one pe- 
25 riodic value of the periodic current command to the disturbance correction value obtained in the previous repetitive 

learning; 

(c6) judging whether the disturbance is sufficiently compensated by comparing the current command in the step 
(b) with a predetermined threshold value at the time of correcting the disturbance applied to the motor with the 
30 obtained disturbance correction value; 

(c7) storing the disturbance correction value if it is judged that the disturbance has been sufficiently compensated 
in the sub-step (c6); and 

35 (c8) if the disturbance has not been sufficiently compensated in the step (c6), repeating the repetitive learning until 

the disturbance will be sufficiently compensated to thereby obtain the disturbance correction value. 

Preferably, said learning compensation step (c) corrects the disturbance using the stored disturbance correction 
value. 

40 For a better understanding of the invention, and to show how embodiments of the same may be carried into effect, 

reference will now be made, by way of example, to the accompanying diagrammatic drawings, in which: 

Figure 1 is a block diagram of a conventional velocity control apparatus for a rotary motor having a disturbance; 

45 Figure 2 is a block diagram of a velocity control apparatus for a rotary motor having a disturbance according to an 

embodiment of the present invention; and 

Figure 3 is a flowchart diagram for explaining the operation of the learning compensator in a velocity control ap- 
paratus of Figure 2. 

50 

A preferred embodiment of the present invention will be described below in more detail with reference to the 
accompanying drawings. 

The Figure 2 apparatus is similar to the Figure 1 apparatus in view of the structure and operation thereof. In Figure 
2, a learning compensator 27 is used instead of a torque observer. The learning compensator 27 receives a velocity 
55 command ©*, the output of a velocity controller 21 and an angular position 8 to produce an output i L * for correcting an 
effect of the disturbance. 

The operation of the velocity control apparatus for a rotary motor according to the present invention will be described 
below with reference to Figure 3. 
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Figure 3 is a flowchart diagram for explaining the operation of the learning compensator 27 in a velocity control 
apparatus of Figure 2. 

A first adder A3 compares a current velocity © detected from a motor 25 with an input reference velocity ©* and 
obtains a velocity error © e . The velocity © e is input to a velocity controller 21 . The velocity controller 11 has the following 
s equation (3) between the torque and the velocity with respect to the motor 25. 

10 Here, J is an inertial moment, © is the number of the rotation, T L is a torque of a load, T is an input torque, K T is 

a torque constant, and i is a current of a coil. 

If a load torque T L is zero, the motor has no load disturbance. Thus, an excellent velocity control characteristic 
can be obtained using a general velocity controller. If there is a load torque T L , the velocity control characteristic is 
lowered. In this invention, a learning compensator 27 has been proposed in which an effect of the disturbance H(9,8) 

is with respect to a load disturbance torque T L (H(G,G)) expressed as a function of an angular position 6 and an angular 
velocity 0 is removed via a repetitive learning. The learning compensator 27 receives the output i/ of the velocity 
controller 27, the velocity command ©* and the angular position 8 and produces the output i L * for removing an effect 
of the disturbance H(G, G) Here, the output i L * is a periodic function having a period T of 2 it/©* with respect to the 
velocity command to* and the time, and is defined as the fol towing equation (4). In case of constant velocity control, 

20 G=<D*t. 



i UK) (©*,G)=i MK . l) (©* l 8)+mZ (K . 1) (G) (4) 

25 Here, m<Kp, and Kp is a gain p of a velocity controller. Also, m is a repetitive learning gain, Z^ j . 1 j is obtained by 

sampling an output of the velocity controller at normal state for a period T. 

The above-defined periodic function represents convergence to a value for removing the disturbance H(G,G). In 
the result of simulation, the disturbance H(G,G) is removed from the output i L * of the learning compensator 27 via a few 
times of repetitive learning. The operation of the learning compensator 27 will be described in more detail with reference 

30 to Figure 3. 

In Figure 3 if compensation starts, the learning compensator 27 initializes the number K of the repetitive learning 
into zero at the start, and the output l L * which is a disturbance correction value into zero, that is, K=0 and ^=0 (step 
301 ). Then, a general motor velocity control is performed only according to an existing velocity control loop (step 302). 
The general velocity control is performed until a velocity becomes a normal state (step 303). If the velocity of the motor 

35 being a control object becomes a normal state (step 303) via the velocity control step 302, the learning compensator 
27 produces the current command i/ applied from the velocity controller 21 with respect to the periodic disturbance 
into a periodic current command, since it is a periodic function which is expressed as a constant angular velocity G and 
a disturbance H(G,G) expressed as only the angular position G (step 304). Also, one period of the periodic current 
command i/ is stored in the form of Zr, that is, (Z^t) , tG[0,T]) (step 304). Then, the learning compensator 27 increases 

40 the repetitive learning times K by one, that is, K=K+1 and produces an output for correcting an effect of the disturbance 
by the following equation (5) (step 305). 



That is, the disturbance correction value i*^ is obtained by the repetitive learning by adding a value by multiplying 
one periodic value of the periodic current command stored via step 304 by the repetitive learning gain m, to the 
disturbance correction value i*^) obtained in the previous repetitive learning. The learning compensator 27 takes 
the output i*^ of the above equation (5) as a final output i* L and outputs the final output to a second adder A4, that is 
i* L =i*LK (step 306). 

In Figure 2, the second adder A4 adds the current command i/ applied from the velocity controller 21 and the 
disturbance correction command i L * to output the corrected current command i*. The current command i* is input to 
the current controller 23. The current controller 23 outputs a torque command to the motor 25 in response to the input 
current command i*. A third adder A5 in the motor 25 subtracts the applied disturbance from the torque command 
applied from the current controller 23, to output a corrected torque command x*. The velocity of the motor 25' expressed 
as a transfer function 1/JS is controlled according to the torque command x\ The angular velocity © output from the 
motor 25 in the result of the velocity control is fedback to the first adder A3. A velocity error © e is obtained by subtracting 
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the angular velocity m from the input velocity command ©*. The velocity error © e is input to the velocity controller 21 . 
The velocity controller 2 1 outputs the current command i/ for controll ing the rotational velocity of the motor 25 according 
to the input velocity error co e . The current I/ is input to the learning compensator 27. The angular velocity a is output 
as the angular position 8 via the motor 25" expressed as a transfer function of 1/S, and is fedback to the learning 
s compensator 27. 

Returning to Figure 3, the learning compensator 27 which stores the disturbance compensation value obtained by 
the K-th learning compares the current command i/ input from the velocity controller 21 with a predetermined threshold 
value B, and judges whether the disturbance applied to the motor 25 is sufficiently compensated (step 307). In the 
disturbance compensation judgement step 307 f if the current command i/ input from the velocity controller 21 is smaller 
10 than the predetermined threshold value B, that is, i/<B, the learning compensator 27 returns step 302 to perform a 
general velocity control until it becomes a normal state. If it becomes the normal state, the learning compensator 27 
repetitively performs processes of storing a value of the one period with respect to the output i/ of the velocity controller 
21 and compensating the disturbance of the motor. 

The learning compensator 27 recognises that sufficient compensation is performed if the current command i/ 
15 input from the velocity controller 21 is smaller than the predetermined threshold value B, and stores a periodic function 
i/ with respect to time as a final fixed correction value with respect to the disturbance (step 308). "men, the learning 
compensator 27 receives the input reference velocity <o* and the angular position 0, and outputs the disturbance cor- 
rection value stored in a position assigned by the addresses of a corresponding angle. 

As a result, the velocity control is performed by simply adding the prestored correction value in the learning com- 
20 pensator 27 to the output i/ of the velocity controller 21 , to thereby enable an efficient velocity control. 

As described above, the velocity control method for a rotary motor and the apparatus thereof according to the 
present invention stores predetermined correction values for correcting an effect of the disturbance, and performs a 
velocity control using the stored predetermined correction values. Accordingly, a simple and efficient velocity control 
can be performed. 

25 While only certain embodiments of the invention have been specifically described herein, it will be apparent that 

numerous modifications may be made thereto without departing from the scope of the invention. 

The reader's attention is directed to all papers and documents which are filed concurrently with or previous to this 

specification in connection with this application and which are open to public inspection with this specification, and the 

contents of all such papers and documents are incorporated herein by reference. 
30 All of the features disclosed in this specification (including any accompanying claims, abstract and drawings), and/ 

or all of the steps of any method or process so disclosed, may be combined in any combination, except combinations 

where at least some of such features and/or steps are mutually exclusive. 

Each feature disclosed in this specification (including any accompanying claims, abstract and drawings), may be 

replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise. 
35 Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent 

or similar features. 

The invention is not restricted to the details of the foregoing embodiment(s). The invention extends to any novel 
one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so 
40 disclosed. 



Claims 

45 1 . A velocity control apparatus for a rotary motor, the velocity control apparatus comprising: 

velocity measuring means (A3) for obtaining a velocity error by comparing an input reference velocity with an 
actual velocity detected from the motor; 

50 a velocity controller (21 ) for receiving the velocity error and outputting a current command for controlling the 

rotational velocity of the motor; 

a learning compensator for (27) receiving the input reference velocity and the current command output from 
the velocity controller and the angular position and for correcting an effect of the disturbance expressed as a 
55 function of an angular position and an angular velocity applied to the motor via a repetitive learning; 

current command compensating means (A4) for obtaining a corrected current command by adding the current 
command output from the velocity controller (21 ) and the disturbance correction value obtained in the learning 
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compensator (27); and 

a current controller (23) for receiving the corrected current command and outputting a torque command to the 
motor. 

The velocity control apparatus for a rotary motor according to claim 1 , wherein said learning compensator (27) 
produces a periodic current command with respect to the periodic disturbance using the current command output 
from said velocity controller (21 ) when the velocity control is in the normal state, and obtains a current disturbance 
correction value using one periodic value of the periodic current command and the disturbance correction value 
obtained in the previous learning. 

The velocity control apparatus for a rotary motor according to claim 2, wherein said learning compensator (27) 
outputs the disturbance correction value based on the following equation, 

iW«NV.)< t > +n,z <K-i>( , > 

wherein i*^ is the disturbance correction value obtained in the K-th repetitive learning and becomes the 
output of the learning compensator (27), »*l<k-i) ^ tne disturbance correction value obtained in the (K-1 )-th repetitive 
learning, m is the repetitive learning gain and m<1 , Z^.^ is one periodic value of the current command which is 
a periodic function output from the velocity controller in the (K-1 )-th repetitive learning. 

The velocity control apparatus for a rotary motor according to claim 3, wherein said learning compensator (27) 
compares the current command output from said velocity controller (21 ) with a predetermined threshold value and 
judges whether sufficient compensation is performed with respect to the disturbance applied to the motor, and if 
it is judged that sufficient compensation has been accomplished, the disturbance correction value is stored and 
the following disturbance correction is performed using the stored disturbance correction value in the following 
velocity control. 

The velocity control apparatus for a rotary motor according to claim 4, wherein said learning compensator (27) 
obtains a new disturbance correction value via repetitive learning if it is judged that sufficient compensation has 
not been performed with respect to the disturbance applied to the motor. 

The velocity control apparatus for a rotary motor according to claim 4, wherein said learning compensator (27) 
receives the input reference velocity and the angular position of the motor as addresses, and outputs the distur- 
bance correction value stored in a position assigned by the addresses. 

A velocity control method for a rotary motor, the velocity control method comprising the steps of: 

(a) obtaining a velocity error by comparing an input reference velocity with an actual velocity detected from 
the motor; 

(b) receiving the velocity error and outputting a current command for controlling the rotational velocity of the 
motor; 

(c) receiving the input reference velocity, the current command and the angular position and outputting a 
disturbance correction value for correcting an effect of the disturbance expressed as a function of an angular 
position and an angular velocity applied to the motor via a repetitive learning; 

(d) obtaining a corrected current command by adding the current command and the disturbance correction 
value; 

(e) receiving the corrected current command and outputting a torque command to the motor; and 

(f) detecting a present velocity of the rotating motor according to the torque command. 

The velocity control method for a rotary motor according to claim 7, wherein said learning compensation step (c) 
comprises the sub-steps of: 
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(c1 ) initializing the repetitive learning time into zero and the disturbance correction value into zero at the start 
of learning; 

(c2) producing a periodic current command using the current command with respect to the disturbance which 
is a periodic function expressed as only an angular position with the constant angular velocity if the velocity 
control becomes the normal state via the step (b); 

(c3) storing one period of the periodic current command; 

(c4) increasing the repetitive learning times by one; 

(c5) obtaining the current disturbance correction value according to the repetitive learning by adding the one 
periodic value of the periodic current command to the disturbance correction value obtained in the previous 
repetitive learning; 

(c6) judging whether the disturbance is sufficiently compensated by comparing the current command in the 
step (b) with a predetermined threshold value at the time of correcting the disturbance applied to the motor 
with the obtained disturbance correction value; 

(c7) storing the disturbance correction value if it is judged that the disturbance has been sufficiently compen- 
sated in the sub-step (c6); and 

(c8) if the disturbance has not been sufficiently compensated in the step (c6), repeating the repetitive learning 
until the disturbance will be sufficiently compensated to thereby obtain the disturbance correction value. 

The velocity control method for a rotary motor according to claim 8, wherein said learning compensation step (c) 
corrects the disturbance using the stored disturbance correction value. 
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